During a taste and odor episode (2-methylisoborneol) in a reservoir that supplies the Fortaleza Metropolitan Region, Brazil, two surveys were conducted to determine tap water usage behavior as well as the sensory sensitivity towards off-flavors of participants with the same level of education.
INTRODUCTION
Aside from physicochemical and microbiological parameters, water quality can be assessed by its organoleptic properties, otherwise known as aesthetics. The aesthetic qualities of tap water are, commonly, the customers' only gauge of water safety (Jardine et al. ; Dietrich ; Doria ). Amongst those parameters, taste and odor (T&O) in particular is a strong indicator of tap water quality.
If water presents with off-flavor and an off-smell, customers might deem the tap water unsafe to drink and revert to alternative sources of water, which could be more expensive or higher risk than the rejected tap water. Many compounds can cause off-flavor in tap water, but chief amongst those are three compounds: 2-methylisoborneol (MIB), geosmin, and free chlorine (Mackey et HDI is the geometric mean of normalized indices for each of the three dimensions (UNDP ). In summary, the aims of this investigation were:
• to determine the influence of the socio-economic background of the volunteers on the perception of off-flavors and its affecting factors, maintaining the same educational level and age;
• to determine the general acceptance or rejection of the tap water and the reasons why;
• to determine what the tap water was generally used for;
• to determine whether the customers are a reliable gauge of the water quality for the water utility.
METHODS

Water analysis
The concentrations of free and combined chlorine in tap and bottled water samples were analyzed using the Standard Method 4500-Cl (F) available in APHA (). N,Ndiethyl-pphenylenediamine (DPD) is used as an indicator in the titrimetric procedure with ferrous ammonium sulphate (FAS). Where complete differentiation of chlorine species is not required, the procedure may be simplified to give only free and combined chlorine or total chlorine. Tap and bottled water were characterized with parameters shown in Table 1 , also using methods described in APHA (). The geosmin and MIB analyses were performed by pre-concentrating the samples using a headspace technique with solid phase microextraction (SPME), followed by gas chromatography (TRACE 1300 Series GC, Thermo Scienti- , using analytical standards (Sigma-Aldrich, Germany).
The FMR is serviced by one reservoir and two water treatment plants employing similar treatment technologies (coagulation, direct filtration, disinfection).
Sensory analysis survey
Two surveys and a flavor test of tap water during an offflavor episode were performed. The first survey consisted of questions asked regarding water usage and complaint behavior followed by a sensory analysis of four test waters including pure tap water, pure bottled water and two mixtures of the two. The second survey was conducted to elucidate the general attitude towards the tap water and the reasons behind it.
The sensory analysis was carried out by applying a survey (questionnaire) to untrained volunteers, using a modified version (Table 2) again. After tasting a sample, the volunteer was asked to rank the water according to the flavor-rating matrix (Table 2) , and the next sample was supplied. After that step, data was recorded in the questionnaire including age, gender, neighborhood of residence, smoking behavior, as well as information about tap water use, complaint behavior, and flavors perceived.
Questionnaires
The first questionnaire was subdivided into three sections for the acceptance of tap water.
Human subjects
Volunteers were randomly chosen from undergraduate students at a local university campus in Fortaleza, Brazil.
For the first study, 308 volunteers were surveyed while for the second study, 374 volunteers attended. All lived in the FMR, which is supplied by the same water distribution system as the university campus, where the water was sourced from. Verbal consent for the use of data was obtained from all volunteers. No prior training was performed to ensure that the volunteers' replies were representative of the average tap water consumer. The HDI of the volunteers' neighborhood, derived from the latest census of 2015 (IPLANFOR ), was used since it is considered the most easily available and applicable means for determining socio-economic differences (Ravallion ).
Statistical analysis
Generalized linear models (GLMs) were applied to investigate whether any of the personal or socio-economic factors determined a heightened sensitivity towards the off- 
RESULTS AND DISCUSSION
The first survey consisted of questions regarding water usage, complaint behavior, and sensory analysis. In this survey, 308 volunteers participated, of which 189 were male and 119 were female. The average age was 21.6 ± 5.4 years ( Figure 1 ). Furthermore, 21 participants were identified as smokers. The second survey was conducted to elucidate the general attitude towards the tap water and the reasons behind it. In this survey 374 volunteers were questioned, of which 219 were male and 155 were female.
The average age was 22.4 ± 4.9 years (Figure 1 ).
Water analysis
The focus of this investigation was on organoleptic factors: volunteers, 67% stated they were most likely to complain to family (56%) and their social circle (11%) than formally to their landlord (15%) or the water utility (25%). This is similar to findings by Webber et al. () , where it was established that South Australian customers were also more likely to complain about water quality in a social context than a formal one. This behavior demonstrates that, in countries like Brazil and Australia, Dietrich's () proposal to utilize the consumer as a 'sentinel of water quality'
would not work, emphasizing the findings of Webber et al.
() which state that customer complaints alone are not a good indicator of customer satisfaction.
Reasons for acceptance/rejection of tap water
In the second survey, volunteers were asked whether they consumed tap water for drinking and the reasons why they would or would not. Of the 374 volunteers surveyed, 323 (86%), rejected the tap water (Figure 4) . Most of the participants (57%) that rejected tap water did so out of concern for the water's safety. They did not believe that tap water is fit for consumption. This is also the main reason observed in many similar studies in the developed world (Jardine et al. Of the 51 volunteers that consumed tap water on a regular basis, most did so due to economic reasons (70%), followed by 'Other reasons'. It is much cheaper to drink tap water than bottled. While this is true for the developed world, it does not appear to be such a significant factor in developing countries (Saylor et al. ) . About a third of those that accepted the tap water (28%) did so because they used a point-of-use water filtration system. The use of a filtration device coupled to the home tap conveys a feeling of security as the customer perceives that the tap water is rendered safer to drink (Dupont et al. ) . Only one participant believed that drinking tap water was safer than consuming bottled water (Figure 4 ).
In this survey, the HDI of the volunteers' neighborhood was considered as well. The HDI aggregates the realization of country-level improvements in per capita income and life expectancy (Ravallion ) . This survey revealed that the rejection of the tap water is universal across the four different HDI categories of 'low', 'medium', 'high', and 'very high' (Table 3) . Between 83 and 90% across the four categories rejected the water. This is contrary to the results of Sajjadi shows that with 23% of the total ratings distributed between the extremes, 'very poor' (9%) and 'very good' (14%), no complete avoidance of the extremes was observed (Table 4) .
Water containing about 10 ± 1 ng L -1 of MIB was still considered acceptable. While this value is just within the guideline value published in Australia and Japan (Hiroshi In addition to the flavor rating, volunteers were asked to identify any off-flavors perceived ( Figure 5 ). In the pure tap water sample (sample D), the prevalent flavors identified were 'earth' and 'chlorine', followed by 'bitter' and 'grass'.
In the other two samples that contained tap water (samples determined that regional differences in the perception of chlorine off-flavors exist. This low sensitivity may be explained by the fact that bottled water consumers were found to be more sensitive to chlorine flavor than consumers of tap water (Puget et al. ) . The authors also found that tap water consumers showed a higher liking score for chlorinated solutions and were more inclined to accept chlorine solutions as drinking water. Piriou et al.
() also observed that customers that are more sensitive to the flavor of free chlorine were less likely to accept perceptible concentrations in the tap water, which may explain the relatively high rejection rate in the present GLMs were applied to the survey data using both
Poisson and Binominal distribution. It was tested if any of the following factors were important in determining whether off-flavors ('earth' and 'chlorine') were perceived by the volunteers: smoking habit, HDI, gender, and age.
Both GLMs determined that none of the above factors displayed a high significance in whether off-flavors were perceived (Table 6 ). On the other hand, the results indicated that, while not highly significant, the smoking habit of a volunteer had the most influence on the perception of the earthy off-flavor and that the neighborhood HDI influenced whether the chlorinous off-flavor was noticed. • Customer complaints may not be a good measure of customer satisfaction.
CONCLUSIONS
• Water with low amounts (10 ng L as 'acceptable' by customers.
• The greatest hurdles for the consumption of tap water were health and safety concerns (57%) and flavor (21%).
• Although Brazilian legislation has a large set of parameters with strict concentration limits, taste and odor aspects do not seem to be considered as a major consumer gauge influencing water quality perception.
• When decisions need to be made to improve potable water quality and water usage, customers' perception and complaints need to be assessed through a more efficient channel of communication.
• Although the water company guarantees that the water distributed to the FMR is safe and potable, only 7% of volunteers used the tap water for drinking. This may suggest that the water utility should communicate better with its customers.
